Introduction
The discovery by Bickel, Gerrard, and Hickmans (1953) at the Birmingham Children's Hospital that the severe degree of mental subnorrhality associated with phenylketonuria could be prevented by dietary treatment during the first three months of life made early detection of this condition necessary. On evidence from the Medical Research Council Working Party on Phenylketonuria (1968) the Phenistix method of testing has been replaced by the microbiological test for phenylalanine in blood (Guthrie and Susi, 1963) . Alternative procedures designed to detect amino-acid disorders other than phenylketonuria include that for o-hydroxyphenylacetic acid in urine (Woolf, 1967) , chromatography of whole blood (Efron et al., 1964) , and another in which blood is collected in heparinized capillary tubes and the plasma subjected to one-dimensional paper chromatography (Scriver et al., 1964) . This last method has been tried on a small part (since extended) of the population of Manchester yielding some 5,000 births a year since 1965 (Komrower et al., 1968) . In Birmingham the Scriver screen was initiated in July 1968 and by March 1969 covered the whole city (population one million, 20,000 births a year). This paper describes organization in the city and in the laboratory, discusses the problems that arose and their solution, assesses the effect on local paediatric outpatient and inpatient facilities, defines the requirements to be met before such comprehensive screening is introduced into other areas (both compact urban communities and more widespread rural populations), reports the results in terms of new cases of metabolic disease discovered, and attempts to evaluate the cost of such a programme so that it may be compared with its alternatives.
Collection of Blood Sample AGE OF TESTING
The Medical Research Council Working Party reported that specimens of phenylketonuric blood collected not later than the fifth day might still give a fallaciously normal result. Testing was therefore delayed until the sixth to ninth days of life. The age is checked in the laboratory and the number of samples rejected because they were collected too soon diminished as the experience of the collectors increased.
COLLECTION OF CAPILLARY BLOOD
Midwives are provided with heparinized capillary tubes of uniform bore (Red Tip), tablets of sealing compound (Cristaseal), and plastic carrier tubes 8-7 by 1-3 cm fitted with plastic stoppers. These are labelled on the outside with the address of the laboratory only so that they may be used repeatedly until they are blood-stained, when they are discarded. The patient's heel is cleaned with disposable alcohol-saturated swabs (Mediswabs) . Unless the solvent evaporates before puncturing the skin haemolysis occurs, making it necessary to repeat the test.
Two glass capillaries are filled with blood and sealed at one end. Blood does not escape from the open end and this avoids the need to cut off one sealed end in the laboratory. The two capillaries are placed in the carrier tube together with the detached head of a form giving details of the patient. This is folded so that the surname can be read without opening the tube and acts as a label which cannot be separated from the sample and supports the capillaries during transport.
Each specimen is associated with only one administratve record, which has been designed to minimize clerical work. It comprises a form 21 by 15 cm with a 5-cm detachable strip on the top for recording surname, home address, date and time of birth (time is necessary in multiple pregnancies), sex and maternity hospital. On the remainder of the form is recorded the family practitioner and his address, the mother's surname and forename (forename of infant may not be decided at the time of testing), home address, date and time of birth, sex, maternity hospital, date of specimen and, for premature infants only, the weight and the weeks of prematurity.
Most of the collections are made by midwives on domiciliary service and the remainder come from two large maternity hospitals. In the city 12 collecting centres have been designated to which the specimens are taken by the midwives during the morning. A van collects the box of specimens from each centre and from the two hospitals at about noon, leaving an empty box and any further supplies of capillaries or other materials requested by the centre. The total collection is delivered to the laboratory by 2 p.m. for analysis during the afternoon.
Special arrangements need to be made for infants transferred for medical reasons to hospitals not participating in the scheme and who are likely to remain there for several weeks or months; otherwise babies who escape examination are pursued by either midwives or health visitors responsible for the home area. Early discharge of a mother from hospital (before the designated time of testing her baby) is often followed by a succession of changes of address, as she often resides temporarily with relatives before returning to her own home. Thus ensuring that all infants are examined has caUed for more effort than was initially expected. The importance of pursuing any infants known to have escaped testing is emphasized by two patients in whom diagnoses were ultimately made-a case of tyrosinosis and one of phenylketonuria. These patients were first tested as late as 9 weeks and 3 months respectively.
Analytical Procedure
The technique of chromatography adopted is exactly as described by Scriver et al. (1964) . The work area in the laboratory is an office desk 120 by 70 cm with two drawers at one side to accommodate carrier tubes and other materials (Fig. 1) cut is made between the histidine and glutamine spots and the lower part of the paper is stained in diazotized sulphanilic acid (Pauly's stain) and the upper part in Ehrlich's reagent (1 ml dimethylaminobenzaldehyde in concentrated hydrochloric acid, 10 g/100 ml, 4 ml acetone). This allows a better assessment of histidine and may show proline and citrulline if they are present. Any further abnormalities found by this staining are recorded, the whole procedure being completed before noon, 24 hours after the specimen is received. suggested that administration of 100 mg of ascorbic acid will correct transient tyrosinaemia within 24 hours but will not affect that due to the more serious tyrosinosis (Light et al., 1965) . This was tested by repeating the procedure on infants showing tyrosinaemia (27 full term, 8 premature) and immediately giving 100 mg of ascorbic acid in a small quantitiy of milk feed and repeating the test 24 hours later. Only two full-term and two premature infants still had tyrosinaemia before ascorbic acid. After ascorbic acid one in each group showed only a slight reduction in the amount of tyrosine and the other two were unchanged. This indicates that except in the rare presence of a deficiency of ascorbic acid any apparent effect of ascorbic acid on tyrosinaemia is more a result of the time that has elapsed than of any effect of the vitamin. This is in accord with the observations of Bloxam et al. (1960) and Avery et al. (1967) . At first infants showing tyrosinaemia were examined at frequent intervals, and from these results it has been possible to determine the rate at which the abnormality disappears. Ninety-five per cent. of cases, whether premature or full term, become normal during the first 6 weeks of life (Fig. 3) , and so provided increased tyrosinaemia is the only abnormality present at the first time of testing the infant is not retested before this age.
Reporting Results

PHENYLALANINE
Phenylalanine can be detected with the same sensitivity as with the Guthrie test, 2 mg/100 ml. Normally none is seen, and in cases of phenylketonuria there was no doubt in the first test that the concentration was abnormally high. Less striking increases, associated with variant hyperphenylalaninaemia (Anderson et al., 1966; Schneider and Garrard, 1966; O'Flynn et al., 1967; Menkes and Holtzman, 1970) , have been seen in only one case (Case 2, Table I (Raine, 1971) . Although the study is incomplete six out of 37 infants required hospital admission, two with rickets, one with hepatomegaly, two with anaemia, and the case of tyrosinosis referred to above. Many infants after going through a transient tyrosinaemia in the first three weeks proceed to a transient methioninaemia in the next three. These findings will be reported separately, but meanwhile we believe that infants showing methioninaemia should be followed until this has disappeared and all should have their urine examined for homocystine. Homocystinuria was not detected in the present study. (Cooke and Raine, 1970) . The analyser may also be useful in the identification of unknown ninhydrinpositive substances occasionally found (Raine and Cooke, 1971) .
Results of Screening Programme SPECIFIC DIAGNOSES
The diagnoses made during the three years that the scheme has been applied to the whole city are given in Table I When tested at 6-9 days of age 6-5% of the infants required more than one test, and of these further tests 42-4% were occasioned by tyrosine. This proportion is higher than that reported by Komrower et al. (1968) and is believed to reflect the earlier age for the initial test. Repeat tests for other abnormalities are more rare and usually do not fluctuate. The two exceptions are for branched-chain amino-acids and the other abnormal patterns in the fourth and third half-year periods respectively. The first followed the admission to the hospital of a 7-month-old retarded child with maple syrup urine disease (who had not been screened at birth by this method), after which the observers became oversensitive to this abnormality. The second coincided with the inclusion in the survey of a maternity unit which regularly used tinned evaporated milk for feeding, which we now know contains homocitrulline formed during the preparation of the milk (Gerritsen et al., 1961; Gerritsen et al., 1963) and which gives a pink spot when the chromatogram is overstained with Ehrlich's reagent. For some time we were not aware of this explanation and continued to investigate these infants who all became "normal" when discharged to their homes.
The need to repeat tests for technical reasons was small (1-3% of infants) and hopefully will decrease. The number of specimens collected at the wrong age fell noticeably after the first half-year and emphasizes that the introduction of such a screening programme should be accompanied by opportunities for instruction and discussion with all the midwives involved.
Effects of Delivering Specimens by Post
The scheme is operated in a compact urban community and all specimens are examined the day they are collected. This would 11 not be possible in a rural community, and the possibility of conducting the scheme with the ordinary postal system was examined. For this purpose four capillary tubes of blood were taken from 115 babies. Two were sent to the laboratory the same day by the usual van and the other two were posted in their carrier tube, several being sent together in a standard cardboard specimen box. Tests were done over several months during extremes of the British climate.
Various difficulties were expected with the posted specimens, including haemolysis due to cold or excessive delay, broken tubes, and more variable patterns due to haemolysis or decomposition. The effects were evaluated in terms of whether the results of the fresh and posted specimens from the same infant differed in any way and in terms of the frequency with which the test on this initial specimen, delivered by the two methods, led to a request for a further test for any reason.
In 37% of posted specimens glutamine had converted to glutamic acid, making this spot much stronger, but once this difference was accepted as normal no other difference in pattern was seen between the two specimens. Repeat tests were called for in two babies for tyrosinaemia, the abnormality being recognized in both fresh and posted specimens. Specimens from two babies were haemolysed and had to be repeated. One of these was a posted specimen but the other was fresh; in each case the alternative specimen was satisfactory. Thus when a slight change in the normal pattern is allowed for delivery of specimens by post appears to be an acceptable alternative to organizing a more immediate delivery system.
Collection of Specimens and Time of Feed
Any reduction in the number of tests repeated for reasons unrelated to disease would be welcome and it was thought that some apparent abnormalities might be due to variations associated with feeding. Although collecting fasting specimensthat is, just before a feed-would have imposed an additional burden on the midwives the value of this in reducing the number of tests required to be repeated was determined by a small group of midwives who deliberately took specimens either not later than one hour or not less than three hours after a feed. These are referred to as the feeding (522 specimens) and fasting (567 specimens) groups. It was not thought justifiable to take the blood from the same infant in the two states. The chromatograms were examined by each of four observers and the occurrence of abnormalities requiring repeat tests noted (Table III) .
The difference between the number of abnormal chromatograms in the two groups was not statistically significant (x2 test not significant at the 5% level). Tyrosine, however, was more commonly increased in the fasting group and branched-chain amino-acids were more commonly increased in the feeding group (x2 test significant at the 5% level in both cases). The other abnormalities were equally distributed between the two groups. 1 JULY 1972 Thus it is not necessary to collect the first specimen at a particular time in relation to feeding. Repeat tests, however, are always collected after a fast of three to four hours so that any dietary effects can be excluded.
Agreement of Observers Interpreting Chromatograms Since the chromatograms in the feeding and fasting experiment were examined by four observers independently the observations can be used to assess the extent to which they agreed in this necessarily subjective interpretation. Observers with most experience reported fewer abnormal results. Increases in tyrosine levels were recognized most consistently. Eleven out of 15 cases were noted by all four interpreters, two cases by two, and two cases by only one. Most cases of increases in proline and branched-chain amino-acids, and general increases in the lower half of the chromatogram were noted by three or more observers. In areas of the chromatogram that are crowded (histidine, methionine, glycine, glutamic acid, alanine, and generally raised patterns) most of the abnormalities (about 20% of all abnormalities) were noted by only one or two observers. Each observer showed individual sensitivity to some amino-acids rather than others.
New observers should match their interpretation with that of their colleagues, and it is important that the frequency with which specific abnormalities are recorded should be reviewed every six months so that the sensitivity of observers may be adjusted to avoid unreasonable variation such as that which occurred for branched-chain amino-acids after the discovery of a case of maple syrup urine disease (Table II) .
Effect of Screening Programme on Local Paediatric
Facilities For one million inhabitants, 20,000 births a year, about 50 children averaged three visits each to the outpatient clinic each year. Of these eight a year were admitted for investigation or treatment. With the help of a social worker more investigation and control of dietary therapy is being done on an outpatient basis. The laboratory must keep referral to a minimum by using the criteria described: it is not possible to assess all the curious abnormalities seen on the chromatograms.
Reactions of the Public and Midwives
There have been about 10 refusals each year, mostly for repeat tests. Only one or two have prevented the initial test. Publicity by the Press, radio, and local television when the scheme was extended to the whole city played an important part in its acceptance by the public. At first midwives were apprehensive of making the heel-pricks in front of the parents, but a recurring educational programme was provided and we have aimed to make all midwives feel personally involved in the scheme.
Cost of Screening
To establish the screening procedure involves capital expense of £350 and current expenditure of £400 a year. One technician 
Discussion
There are already 103 inherited metabolic diseases for which the precise enzyme deficiency is known (McKusick, 1971) . Many are already the subject of experimental treatments showing more or less promise. The present work is an attempt to extend the management of this group of diseases beyond the single entity, phenylketonuria (Raine, 1972) .
The Scriver chromatographic system has proved remarkably efficient in that is it capable of detecting in a single procedure some 22 aminoacidopathies (Table IV) . The question must therefore arise whether this method should replace the Guthrie system at present recommended as national policy in Great Britain. The answer will depend on several considerations already indicated and on others discussed by the McKeown Committee (Nuffield Provincial Hospitals Trust, 1968) . One, the number of diseases being sought that are treatable will change with time; indeed the need to treat some is yet to be established.
This form of screening implies a search for disease that is unsolicited by the patient, and once a disease is detected there follows a complete commitment to deal with it as effectively as possible. It is therefore most important that such a comprehensive detecting system should not be introduced unless the laboratory and clinical facilities as well as the interest and enthusiasm of the paediatrician, dietitian, and biochemist can be ensured.
